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only a slight and not signiﬁcant increase from deep to superﬁcial cartilage
(T2: p = 0.174; T2*: p = 0.150).
Conclusions: In vivo T1 dGEMRIC assessment in healthy cartilage, as
well as T2 and T2* mapping in healthy and reparative articular cartilage,
seems to be possible at 7.0T MRI. For T2 and T2*, zonal variation of
articular cartilage could also be evaluated at 7.0T. This zonal assessment
of deep and superﬁcial cartilage aspects shows promising results for the
differentiation of healthy and affected articular cartilage. In future studies,
optimized protocol selection and sophisticated coil technology, together
with increased signal at ultra-high-ﬁeld MRI, may lead to advanced
biochemical cartilage imaging.
Concluding, the next step to a potential clinical applicability of ultra-
high ﬁeld MRI in biochemical cartilage evaluation in the follow-up of
sophisticated surgical and non-surgical therapies of cartilage defects and
osteoarthritis might not be so far away.
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Purpose: The objective of this analysis was to ascertain the contribution
of articular cartilage morphometry and meniscal position on MRI to joint
space width (JSW) measured in the Lyon schuss radiograph of the knee,
and to speciﬁcally identify which subregions of tibial and femoral cartilage
and which measures of the meniscus best explain variations in JSW.
Methods: 62 obese women with knee OA and 99 non-obese female
controls (mean age 56.6 yrs) were imaged at 7 clinical centers by 3T
MRI. Double oblique coronal acquisitions were obtained using water exci-
tation spoiled gradient echo sequences (1.0×0.31×0.31mm3 resolution).
Segmentation of femoro-tibial cartilage morphology was performed using
Chondrometrics GmbH software. Meniscal position (subluxation and %
coverage of the medial tibial plateau) was measured in sagittal and coro-
nal planes (EFilm software). Minimum medial joint space width (mJSW)
was measured by computer in the Lyon Schuss knee radiograph; Kellgren
and Lawrence grades (KLG) were assigned on standing anteroposterior
knee ﬁlms. The relative contribution of regional cartilage thickness and
meniscal position to mJSW was assessed initially in univariate models
and subsequently with multivariable modelling.
Results: 65% of the variation in mJSW was explained by KLG, regional
cartilage thickness measures (central MT + central MF + external MT +
posterior MT + internal MT) and meniscal coverage. Of these measures
the medial tibia cartilage thickness measures (in particular central, ex-
ternal, and to a lesser extent the internal and posterior subregions)
and central region of the weight-bearing femoral condyle (ccMF) play a
consistent and small role in variations in mJSW observed across all KLG.
This however explains only approximately one third of the mean difference
in mJSW that exists between KLG2 subjects and those without OA
(KLG0). In contrast ccMF and the addition of percent meniscal coverage
to this model explains the remaining differences in mean mJSW found
between those subjects with deﬁnite joint space narrowing (KLG3) and
those without OA.
Table 1: Factors associated with mJoint Space Width: Multivariable analysis with stepwise
progression
Model R2 for
model
Compared against p value Model selected
KLG Only 0.2675 Mean 0.0000 KLG Only
KLG+Compartment 0.5796 KLG Only 0.0000 KLG+Compartment
KLG+Plate 0.5095 KLG Only 0.0000 KLG+Plate
KLG+Region 0.6115 KLG Only 0.0000 KLG+Region
KLG+Meniscus 0.3071 KLG Only 0.0277 KLG+Meniscus
KLG+Region +
Meniscus
0.6507 KLG+Region 0.0013 KLG+Region +Meniscus
KLG+Region +
Meniscus +Plate
0.6528 KLG+Region +Meniscus 0.6580 KLG+Region +Meniscus
KLG+Region +
Meniscus + Lateral
Compartments
0.6889 KLG+Region +Meniscus 0.2488 KLG+Region +Meniscus
Core Model 0.6453 KLG+Region +Meniscus 0.8077 Core Model
Core Model = KLG+cMT+ccMF+pct.cover + eMT+pMT+ iMT
Conclusions: The variation in radiographic mJSW is best described
by 5 regional cartilage thickness measures (central MT + central MF
+ external MT + posterior MT + internal MT) and percent meniscal
coverage. The magnitude of each measures contribution differs according
to radiographic severity with more variability explained by cartilage thick-
ness of ccMF cartilage thickness and percent meniscal coverage with
more severe disease. ~35% of the LS JSW is not our model with some
possible explanation(s) being (a) the differences between the tibiofemoral
contact sites in a LS view taken in about 20 degrees of ﬂexion and an
extended knee MRI, and (b) the difference in cartilage thickness with
compression on weightbearing in the LS view but not in acquiring the
MRI measurements.
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Purpose: Although subchondral bone is thought to play an important
role in OA progression, subchondral bone attrition (SBA) has been little
studied. Contrary to previous thinking that it is a late ﬁnding on x-rays,
SBA can be seen in early OA by MRI, but the signiﬁcance of this is
unknown. For example, it is unknown whether subchondral bone attrition
is related to overlying cartilage defects. We therefore evaluated the
association of SBA with cartilage loss over time occurring within the same
subregion of the knee.
Methods: The Multicenter Osteoarthritis (MOST) Study is a NIH-funded
longitudinal observational study of individuals who have or are at high risk
for knee OA. At baseline and 30-month follow-up, participants had knee
MRIs performed (1.0T; axial and sagittal proton density fat suppressed
and coronal STIR sequences). MRIs were graded using WORMS in
5 subregions within each of the medial and lateral tibiofemoral (TF)
compartments (central, posterior femur; anterior, central, posterior tibia)
for cartilage (0−6) and SBA (0−3). Cartilage loss within each subregion
was deﬁned as any worsening of WORMS score (except that a score
of 0 had to increase to at least a score of 2) between the 0 and 30-
month MRIs. We conducted analyses within a knee (one knee per person)
to eliminate between-person confounding, using an M:N matched case-
control approach in which the 10 subregions of a person’s knee (TF joint)
forms a matched set. Cases within a given knee were deﬁned as the
subregions in that knee with cartilage loss (increase in score by 1) while
controls were the subregions in that same knee without cartilage defects
(score = 0). Eligible knees had to have both case and control subregions.
We evaluated the association of cartilage loss over time with the baseline
presence of SBA (score 1) in the same subregion within that knee using
conditional logistic regression, and repeated analyses in a compartment-
speciﬁc manner. We also evaluated these associations using a higher
Poster Presentations – Imaging S173
threshold for deﬁning presence of SBA in a subregion (score 2), as well
as categorized as absent (score = 0), score = 1, and score 2.
Results: For these analyses, 459 knees met inclusion criteria (45%
with SBA present in 1 subregion; participants’ mean age was 63,
mean BMI 30.5% and 65% were female). Baseline presence of SBA
was associated with an OR of 7.5 (95%CI 5.6−9.9, p< 0.0001) for
having cartilage loss over 30 months in the same subregion compared
to subregions without any baseline SBA. Compartment-speciﬁc results
were similar: SBA was associated with an OR of 5.4 (95%CI 3.6−8.1,
p< 0.0001) for cartilage loss in the medial compartment (n = 330 knees)
and an OR of 5.5 (95%CI 2.4−12.7, p< 0.0001) for cartilage loss in the
lateral compartment (n = 196 knees). Similar results were obtained with
the higher threshold deﬁnition for baseline presence of SBA in a subregion
[OR of 3.3 (95%CI 1.9−5.7, p< 0.0001)], and when SBA was categorized
into three levels [ORs were 5.4 (95%CI 3.0−9.7, p< 0.0001) and 7.3
(95%CI 5.5−9.8, p< 0.0001) for subregions with an SBA score = 1 and
score 2, respectively, compared to subregions with no SBA at baseline
(p< 0.0001 for linear trend)].
Conclusions: SBA is strongly associated with cartilage loss over time
occurring within the same subregion of a knee. SBA may directly inﬂuence
overlying cartilage loss or it may serve as a marker of an area undergoing
great compressive stress and in which cartilage loss is inevitable. Further
study of SBA may provide additional insight into the relationship of bone
and cartilage loss in OA.
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Purpose: The aim of this study is to develop a MRI grading system for hip
osteoarthritis (OA) based on morphologic changes in cartilage, labrum,
and bone.
Methods: We devised a MRI grading system for early hip OA with
standard deﬁnitions of morphologic changes with corresponding pic-
torial atlas. 50 MR images were obtained from 25 patients with hip
dysplasia and 25 patients with femoroacetabular impingement. Images
were acquired on a Siemens Avanto 1.5T scanner. Truﬁsp imaging with
FoV 140mm, matrix size 384, slice thickness 0.6mm were used for
morphologic grading. Three-dimensional dGEMRIC scan was obtained
using two angle fast T1 mapping sequence. Additionally, standard pelvic
radiographs and WOMAC outcome scores were obtained. The truﬁsp
images were reconstructed in 6 radial projections rotating around the
femoral neck axis. These radial images were scored for bone and soft
tissue lesions at 7 different positions encompassing most of the articular
surface and avoiding the acetabular fossa. A sum score of all lesions
seen in the joint was calculated. The sum score (OA score) ranges from
0 to 197 with higher score indicating more OA. We looked at correlations
between OA score, To¨nnis grade, joint space width (JSW), dGEMRIC
index, and WOMAC pain using Spearman rank correlation.
Results: Mean age of the patients was 29 years. Fig1 shows an example
of hip with no radiograph OA (ﬁg 1a). On MRI, this hip had cartilage
damage and bony changes (ﬁg 1b). The OA score ranged from 20 to
87 with mean value of 43. Signiﬁcant correlation was found between OA
score and To¨nnis grade (rs=0.39, p = 0.006), dGEMRIC index (rs = −0.35,
p = 0.01), and WOMAC pain score (rs = 0.48, p = 0.001) (ﬁg 2). No corre-
lation was found between OA score and JSW.
Conclusions: In this preliminary result, we attempted to score the bony
and soft tissue morphologic changes that occur in early hip OA. We have
found good correlation with clinical outcome measure and dGEMRIC
index suggesting that this measure is potentially a clinically relevant
measure. We are currently attempting to look at the reproducibility of
this grading system as well as the local correlation between morphologic
changes and local dGEMRIC index.
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Purpose: To use a newly developed short 3D-GRE sequence with two ﬂip
angle excitation pulses for dGEMRIC to evaluate the relative glycosamino-
glycan (GAG) content of repair tissue in patients after microfracturing
(MFX) and matrix-associated autologous chondrocyte transplantation
(MACT) of the knee joint.
Methods: In a phantom study, T1-mapping based on a 3D-GRE
sequence with two ﬂip angle excitation pulses was compared to
a standard inversion recovery (IR) sequence at 3.0T for T1 val-
ues in the range of 200 to 1200ms. Twenty patients treated
with microfracture (MFX) or matrix-associated autologous chondro-
cyte transplantation (MACT) (ten in each group) were enrolled.
For comparability, patients from each group were matched by age
(MFX: 37.1±15.4 years; MACT: 37.7±8.9 years) and post-operative inter-
val (MFX: 33.0±5.2 months; MACT: 32.0±13.1 months). The Drelaxation
rate (DR1) for repair tissue and normal hyaline cartilage and the relative
Drelaxation rate (DrR1) were calculated, and mean values were compared
between both groups using an analysis of variance. Figure 1 shows an
exemplary patient after MFX whereas ﬁgure 2 is visualizing a patient after
MACT.
Results: The phantom study demonstrated a good correlation between
dual ﬂip angle excitation pulse 3D GRE and the IR sequence. The mean
DR1 for MFX was 1.07±0.34 versus 0.32±0.20 at the intact control site,
and for MACT, 1.90±0.49 compared to 0.87±0.44, which resulted in a
relative DrR1 of 3.39 for MFX and 2.18 for MACT. The difference between
the cartilage repair groups was statistically signiﬁcant.
Conclusions: The new 3D, dual ﬂip angle excitation pulse, GRE-based
dGEMRIC technique is comparable to a standard T1 IR technique for T1
mapping, but reduces scan time to four minutes. The preliminary in vivo
study demonstrates the feasibility of the technique for the evaluation of
relative GAG content in patients after different cartilage repair surgeries.
